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L. Introduction and Summary

1.1 Purpose and Intended Audience

This is one of a series of documents providing support for deploying Intelligent Transportation Systems (ITS). This series addresses:

g Traveler Information Systems
g Traffic Signal Control Systems
g Freeway and Incident Management Systems
g Transit Management Systems

The National ITS Architecture provides a common structure for deploying these systems. An important point of these documents is that you can reap
operational benefits while saving staff hours and design costs by using the National ITS Architecture as a deployment guide.

1.1l Intended Purpose

This document focuses on traveler information systems, a component of ITS. It aims to provide practical help to the transportation community with
deploying traveler information systems in an integrated, multimodal environment using the National TS Architecture. 1TS is the application of
management strategies and technologies to increase the efficiency and safety of national, regional, and local surface transportation systems. Intelligent
Transportation Systems form the basis for a new way of doing business in addressing the nation S'surface transportation needs. Rather than solving
transportation challenges solely by building additional roadway capacity, ITS strategies strive to use roadway facilities more efficiently by applying
technology and effective management strategies to collect, transfer, process, and share historic and real-time transportation information. This includes the
use of computer, communications, sensor, information, and control technologies and a structured approach to manage the planning, development,
deployment, operations, and maintenance of ITS systems and projects. Traveler information systems can be enhanced by promoting innovative
public/private partnerships, which involves leveraging of the resources from both sides of these partnerships to mutual advantage.

This document is designed as a guide for how the National ITS Architecture can be used in the process of designing, developing, and implementing effective
traveler information systems. Development of the National ITS Architecture arose out of a need to provide a common framework for deployment of ITS
across the nation. The National ITS Architecture contains the information you need to develop a regional architecture, to be assured you haven £
overlooked anything important, and to ensure you are preparing an efficient deployment. This document shows how to enhance existing and emerging
traveler information systems, facilitate design and upgrade of future systems, and help overcome challenges commonly faced by transportation agencies
involved in the delivery of traveler information systems. This document covers the basics of traveler information ITS applications, the role the National ITS
Architecture can play in traveler information system project development, the development process for a regional architecture, and some best practices
and lessons learned for developing and deploying traveler information systems. The regional architecture will help to indicate how current and future
systems in the region may be integrated to obtain the added benefits available through integration of these systems.

1.1.2  What is the National ITS Architecture?

The National ITS Architecture defines the components of the surface transportation system, how they interact and work together, and what information
they exchange to provide 30 ITS user services. These 30 user services have been identified by the U.S. ITS community as part of the National ITS Program
to guide the development of ITS and are listed in Section 2. A key requirement for development of the National ITS Architecture [FHWA, January 1997] was
that it include the transportation functions necessary to provide the 30 user services.
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Using the National ITS Architecture will save implementers time and money because it contains much of the up front analysis and planning information
necessary to deploy TS, including project definition and requirements, information exchange requirements, system evaluation criteria, cost development
information, communications analysis, and benefits of deployment of specific ITS applications.

1.1.3  Intended Audience
The intended audience of this document includes:

g Mid-level administrators and transportation engineers for state and local transportation agencies involved in planning, designing,
implementing, operating and maintaining transportation management systems, including the ITS components that can interface with and
provide information to traveler information systems.

g Transportation professionals and others interested in understanding traveler information systems challenges and solutions based on the
Architecture.

Qg Managers, transportation engineers, and system engineers in private enterprises with interests in working with public partners with an
objective to establish and operate traveler information systems.

If your work involves planning, designing, implementing, operating or maintaining traveler information systems or transportation management systems,
and you perform one of the following functions within your organization, this document is intended for you:
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Regional Transportation Planning Project Planning and Development

Traffic or Transit Operations, Maintenance Traffic or Transit Engineering

Public/Private Partnerships Project Management
Project Implementation Project Approval
Preliminary and Final Analysis and Design ITS Project Definition
Procurement of Services and Equipment Project Acceptance Testing
Project Evaluation

1.2 Traveler Information Systems

Effective traveler information systems are multimodal and support many categories of drivers and travelers. They apply many technologies to allow
customers to receive roadway, transit network, and other information important to their trip. This information assists the customers in selecting their

mode of travel (car, train, bus, etc.), route and departure time. Transit schedule and status information may be obtained from Transit Management
Systems. Most of the roadway-based information is collected by surveillance equipment (vehicle detectors, cameras, automated vehicle location systems)
and is processed by computers in transportation management centers for further distribution to traveler information systems. Other information used in a
traveler information system may be static in nature, such as; map databases, emergency services information, and information on motorist services and
tourist attractions and services. The technologies for requesting, receiving, and interacting with all of this information can be based in the home, office,
passenger vehicle, commercial vehicle, transit vehicle, public transit station, or in the case of personal communication devices, can travel with a person.

1.2.1  Traveler Information System Functions

Effective traveler information systems provide multi-modal trip planning, route guidance, and advisory functions for travelers and drivers of all types.
They also may enable travelers to confirm and pay for services and may include personal emergency notification capabilities. Trip planning information
and assistance may he provided pre-trip or en-route. Pre-trip planning assistance provides travelers with roadway information, including road condition,
traffic information and travel times, and transit information which can be used to select route, mode, and departure time. This support may be requested
from home, the workplace, park and ride facilities, transit stations, and other locations. En-route traveler assistance provides the traveler with roadway
and transit information while traveling, including traffic information, roadway conditions, transit information, route guidance information, and other
information such as adverse travel conditions, special events, and parking.

1-3




Developing Traveler Information Systems Using the National ITS Architecture Technical Edition

Below are descriptions of the top level functions performed by advanced traveler information systems.

g Multi-Modal Trip Planning - provides region wide information and assists trip planning by travelers including private car and traditional transit
modes, plus rideshare matching and reservation and demand responsive transit reservation. Links to information and reservation services may
enable travelers to include heavy rail and airlines as part of their trip planning.

g Route Guidance Services and Information - autonomous or dynamic (Supported with real-time information) modes of on-line guidance provide
route planning and turn-by-turn directions and other navigation assistance. Current roadway link travel times may be provided directly to
drivers, allowing selection of routes to avoid the warst congestion or other adverse conditions.

g Advisory Functions - advisories may include incident warnings, delay notifications, anticipated travel times to destination (accounting for real-
time conditions) and to next intermodal connection (e.g. transit stop), adverse travel condition advisories, intermodal connections and schedule
adherence, CVO restrictions (height, weight and hazmat), parking information and status, identification of next few transit stop locations (if on
transit), upcoming tolls, etc.

g Interfaces with Traffic Management Systems in the region to obtain traffic, incident, and roadway information on both freeways and arterials
and with Transit Management Systems in the region to obtain transit information, including schedules and status. This information may be
augmented with additional surveillance information and information from numerous other sources.

1.2.2  Characteristics of Effective Traveler Information Systems
Interviews with traveler information system operators and travelers have identified some key features of effective traveler information systems. Effective
traveler information systems:

g Provide information that is timely, accurate, reliable, relevant to making travel decisions, and marketable.
g Provide information for the entire region. This requires the participation of public agencies across jurisdictional boundaries.
g Operate with efficient, well-trained staffs.

g Areintegrated easily with other ITS systems—emergency management, freeway management, traffic signal control, and transit
management—to obtain adequate traveler information.

g Areeasy to use and easy to access by the traveling public.

g Areeasy to maintain (with in-house or contract resources) and do not require excessive costs and time to operate. Ideally, traveler information
companents need to be interoperable between different manufacturers and vendors. This reduces maintenance costs and provides added
flexibility in repairing equipment faults and malfunctions, finding spare parts, and developing system upgrade paths.

g Provide services that are affordable to end users.

1.2.3  Benefits of Traveler Information Systems
In general, each traveler information system must be designed to meet the specific social and political objectives of each community. Many traveler
information systems strive to achieve the following:

g Promote the choice of travel mode based on real time and accurate status.
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Reduce intermodal travel times and delays for individual travelers.
Reduce traveler stress for trips to unfamiliar destinations.

Reduced crash risk and fatalities (e.g. reduced driver distraction in unfamiliar routes).

Q @ Q@ @

Reduce overall system travel times and delays.

g Reduce system costs through public-private partnerships.

Traveler information systems have demonstrated benefits in several areas including travel time, consumer satisfaction, system throughput, on-time
performance, and environmental impacts. In addition, they have been shown to reduce congestion and the number of accidents on roadways. Table 1.2-1
summarizes the range of traveler information system benefits as reported by the U.S. Department of Transportation [Mitretek, 1997].

Table 1.2-1. Summary of Traveler Information System Benefits

Crash Risk Decreased driver stress, Predicted reduction: 4% to 10%

Fatalities Decreased with fast EMS response - GPS fix & route guidance

Travel Time Decreased by 4% to 20%, more in severe congestion

Throughput Simulations show 10% increase resulting from real-time traffic information receivers in 30% of
the vehicles

Delay Savings up to 1,900 v-h peak hour, up to 300,000 v-h annually

Emissions estimates Decreased HC emissions by 16%—25%
Decreased CO emissions by 77%.33%

Customer Satisfaction Less Stress Perceived; Wireless comm. to emergency center yields perception of heightened
security from 70% to 95%

1.2.4  Challenges Facing Implementers of Traveler Information Systems

Today, many public sector transportation agencies are incorporating some traveler information capabilities into their TS systems to provide their users
(drivers and other travelers) with regional transportation information. In addition, the private sector is entering the business of providing traveler
information services for a fee. And it is important that private investment be encouraged to leverage available public resources. Of course, the availability
of free traveler information will impact a customer Swillingness to pay for fee-based traveler information services. Thus, exploration of public-private
partnerships are a must for delivery of value-added traveler information services. Various partnership forms can encourage private partner participation
in traveler information system deployment, testing and then into operation. In these traveler information partnerships, the major public and private
partners have important contributions of complimentary interests, strengths, skills, and products, giving a balanced partnership and resulting in benefits
toeach. Insome of these partnerships, startup economic aid may be provided by public agencies. Further discussion is provided in Sections 2 and 4 on the
topic of Public-Private Partnerships.

The private sector, as an information service provider (ISP), is generally expected to collect basic traveler information from public agencies, supplement it
with additional information, process and combine it for presentation in useful ways and for use in derivation of information to provide added services such
as providing routes and route guidance directions. The information and services are provided to users, with some products and services provided for a fee,
and others paid for by advertising. Agency agreements, and the definition, development, and integration of all the necessary interfaces will pose some
challenges. The National ITS Architecture, by defining the necessary interfaces and information flows between systems, provides a framework for this
operational cooperation between systems to occur. It is important to enlist all major stakeholders in the region into these partnership agreements.

Although the technology for generating and providing sophisticated traveler information services exists, the marketing of these services is new. Perhaps
the marketing of Internet-related products will offer a model. Like the Internet, traveler information services depend on computers, communications and
networking technologies, usefulness of the products, and the willingness of the public to pay for the necessary personal equipment (e.g., in-vehicle devices
and personal digital assistants) and for the associated services.
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1.3 The National ITS Architecture Can Help You

1.3.1  Help for ITS Planners and Implementers

Similar to a model home blueprint, the National ITS Architecture provides a common structure for the design and implementation of ITS. The National ITS
Architecture defines the functions (e.q., gather traffic information) that must be performed by components or subsystems, where these functions reside
(e.g., roadside, traffic management subsystem, in-vehicle, information service provider, etc.), the interfaces and information flows between subsystems,
and the communications requirements for the information flows (e.g., wireling or wireless). Just as the model home design is often changed to meet the
needs and living space requirements of individual families, the common structure provided by the National ITS Architecture can be tailored to meet a
region $unique transportation needs.

In addition, the National ITS Architecture identifies and specifies requirements for standards needed to support national and regional interoperability, as
well as product standards needed to obtain a plug and play capability to yield economy of scale considerations in deployment. These standards will include
the formal definition of the physical interfaces and information exchange requirements of the National ITS Architecture.

A lot of time and effort went into developing the National ITS Architecture—for a very good reason—to make
the process of designing and implementing these systems easier for you.

YOU CAN SAVE STAFF HOURS AND ENGINEERING DESIGN COSTS BY USING IT.
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An agency using the National ITS Architecture can save time and money in the development of a
project from its inception through its implementation. Some capabilities of the National ITS
Architecture that will be particularly important to your development of an effective traveler
information ITS application are listed below.

g

g

Correlates services and requirements to subsystems and data flows, thus providing traceability for a project to the selected architecture.

Illustrates the benefits that can be obtained through efficient grouping of ITS functions plus sharing of information for multiple purposes across
the transportation system, avoiding redundancy and saving money.

Provides a view into the future to identify services and functionality that may not have been initially considered, currently needed, or even
feasible. This provides a checklist of future capabilities that could be planned for now in anticipation of future needs. Planning for these
future needs in database and interface designs will save substantial costs of modifications needed for these later additions.

Provides an extensive list of the transportation agencies (by matching the functions they perform with the corresponding subsystem names in
the National ITS Architecture) that you should consider talking to during initial planning of an implementation (i.e., the stakeholders).

Defines the kind of information that may be available from or obtainable by agencies and that one should consicer sharing with these
agencies. You can use this information as a checklist in planning the traveler information project and in discussions with other stakeholders to
show how they can participate through sharing of the information.

Serves as a good starting point or template (which can be tailored) for developing the regional architecture that will drive the designs for
specific projects. Starting with the National ITS Architecture, one can merely delete the functions and information flows that do not apply and
then incorporate any specific local requirements and considerations. This is more fully addressed in Section 3.

Provides a departure point for developing functional requirements and system specifications to be included in a procurement package,
including identification of the interfaces (some of which may have approved standards or standards work under way) and data exchanges that
must be included.

Provides ballpark estimates of costs for a wide range of ITS-related equipment and services that can be considered for initial project costing.

Can support a check on the product being provided by a design contractor (if the contractor is asked to demonstrate the use of the National ITS
Architecture and its relationship to the design being offered).
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For many of the reasons stated above, the National ITS Architecture can serve as a good starting point
for developing a regional architecturein the transportation planning arena. A regional architecture
which responds to a wide range of stakeholders and to local transportation needs and problems can
serve as a guiding framework for coordinated development of ITS within a region. This will evoke the
discussion of operations roles and responsibilities, phasing considerations for planned ITS
enhancements, and regional agreements on technology and standards.

Using the National ITS Architecture and ITS standards will provide broad, long term benefits:

g Interoperability: The National ITS Architecture has identified where standards are needed to provide a sound foundation for system
interoperability (interfaces and products). Because the National ITS Architecture is serving as the common foundation for ongoing ITS
standards development work, factoring it into your current system enhancements will facilitate the transition to a standard interface definition
in the future. Using standard interfaces will provide for national and regional interoperability and even interchangeability of some devices
used in ITS traffic management, even though they may be from different manufacturers.

g Increased competition: By requiring use of open standards (non-proprietary), multiple vendors will be able megt the standards and
be able to respond to RFPs. Support and upgrades will also be available from multiple potential sources, avoiding the problems of being locked
in to one source (e.g., the vendor goes out of business).

g Future expandability: By designing within a common framework and using open standards, you will create an environment that
integrates legacy systems with new ITS applications and allows more functionality to be added as needed.

g Lower costs: ITS equipment and device compatibility will create larger total markets attracting more suppliers resulting in more capable
products at lower prices. The resulting long-term costs of deployment will be pushed down by these economies of scale for off-the-shelf TS
equipment and products and by competition through open-system enabling of multiple vendors.

g Increased transportation system integration: The open nature and structure of the National ITS Architecture and use of
standards-compliant components will make integration of complex traffic management components and regional systems easier. Improved
integration of systems operated by different agencies will permit effective information sharing and more effective use of resources. Seamless
traveler services across agency lines will become a reality.

g Assistance in project development and regional planning activities: As evidenced from the above discussion, the
National ITS Architecture can be usefully applied to both project development and longer term regional planning activities. Accordingly, this
document will address these activities in two separate sections for clarity and ease of reference for the reader.

1.3.2 ITS Standards

Using the National ITS Architecture to plan, design, deploy, and integrate traveler information systems will help ensure that your system will be compatible
with existing, planned, and future systems in your region. Your traveler information system will also have an open systems architecture, use industry-
accepted standards and interfaces wherever they exist, and will minimize reliance on proprietary information, interfaces, and protocols. Ultimately, these
standards will promote national interoperability of some key services to ensure that travelers from outside your region will also be able to benefit from the
ITS services you provide. Consistent with the National ITS Architecture, the U.S. DOT is supporting and guiding development of selected ITS standards by
funding Standards Development Organizations (SDOs).

1.4 Document Organization and Summary
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1.4.1  Document Organization
This document is divided into five major sections with the content of the document as illustrated in Figure 1.4-1,

Section 1: Section 2: Section 3:
Introduction psmg Architecture 'I_'ools Regional ITS
in Traveler Information Planning
Projects
What is ITS? How are Traveler Information How do you plan for ITS in a Region?
What is the National ITS Architecture? funct_lons represenied in the How do you deploy an ITS Project?
architecture?

How do you use the architecture
to develop these projects?

Section 4:

Best Practi Section 5: Appendices
est Practices How do | Find Out More?
Lessons Learned

A: ITS Standards

B: Glossary

C: Applicable Physical
Teamwork and Coordination ITS Art ci}ltecture Data |_:|0WS
Project Development Process National ITS Architecture D: National ITS Architecture
Procurement and Contracting ITS Standards Products

E: TIS Technologies

F: Communications
Technologies

Figure 1.4-1. Document Organization

1.4.2  Document Summary

This document covers many important areas and you are encouraged to read the entire document. However, if you are unable to do so, the summary
presented below will point you in the direction to find the information you are seeking.

For example:
g Ifyouare beginning a major traveler information system project, proceeding to review Sections 2 and 4 might be best.

g Ifyouare involved in long-term planning of your regional transportation system, starting your review with Section 3 might be best.

Section L: Introduction and Summary

Section 1 briefly discusses ITS, the National ITS Architecture, benefits of traveler information systems, some challenges facing implementers, traveler
information system functions, and briefly discusses capabilities provided by the National ITS Architecture and why you should use it.

T TS uses a comhination of management strategies and computer, communications, surveillance, and control technologies to increase the
efficiency of national, regional, and local surface transportation systems.

T There are a growing number of successful ITS traveler information system projects yielding some very encouraging benefits.
T The development of traveler information systems faces many challenges, best addressed from the vantage point of public/private partnerships

involving representatives of all transportation agencies, of elected community representatives, and of all agencies that might benefit from or
need the support of timely distribution of traveler information to a broad community, including both broadcast and route oriented distribution.
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T Using the National ITS Architecture as a tool in developing your traveler information systems will help provide for ease of additions of
interfaces to future subsystems.

T The Architecture supports integration of surface transportation systems. This includes, for example, the integration of traveler information
systems with traffic signal control, freeway management, incident management, transit management, highway-rail coordination, and parking
management systems.

Section 2: Use of the National ITS Architecture Tools in Traveler Information Projects

Section 2 identifies the functions of traveler information systems as defined by the National ITS Architecture. The section then explains how the
Architecture can be used to develop ITS traveler information applications. Some representative scenarios are used as examples to help you use the
National ITS Architecture.

T Traveler information is collected by various types of surveillance equipment, is usually processed by computers, and may be distributed as pre-
trip and/or en-route information. Very briefly summarized are the hasic types of information dissemination systems and the many visual and
audio dissemination technologies that may be employed. Technologies and communications are described further in appendices.

T  Public-private partnerships are discussed from the perspective of Traveler Information Business Models. The complimentary nature of
traveler, private sector and public sector resources, motivations, expectations and benefits is described. Roles are described as public, private
and public-private partnering and a few important institutional/legal issue areas are described

T The National ITS Architecture provides a common structure for the deployment of ITS; it defines 19 interconnected physical subsystems, the
transportation functions each subsystem performs, and the information subsystems exchange with each other to provide 30 user services.

T The functions associated with traveler information systems reside in many subsystems of the National ITS Architecture including the center
subsystems (such as the Information Service Provider Subsystem), vehicle subsystems, roadside subsystems, and traveler subsystems (such as
the Personal Information Access Subsystem and the Remote Traveler Support Subsystem).

T The National ITS Architecture can be applied to most project development steps, and is particularly helpful in the identification of solutions and
the planning and design of the solution.

T The Architecture only defines the functions that each physical subsystem performs plus the interfaces and data flows between them. Designers
have complete freedom in deciding which functions are required for their needs, what equipment to use to implement the selected functions,
and what technologies will be used. Designers are encouraged to be compatible with the Architecture and with ITS standards to achieve
interoperability, to provide for future enhancements and expandability, and to obtain the long-term benefits of higher quality and lower costs
from expanding market and competition economies of scale.

Section 3: Regional ITS Planning

Section 3 describes planning for TS applications and formulating ITS projects in a regional context.

T Using the National ITS Architecture provides a good starting point for developing a regional architecture in the transportation planning arena.

T Involving comprehensive representation of regional transportation stakeholders in developing a regional architecture to address needs and
problems can produce broad cooperation.

T Developing a regional architecture can quide development of ITS within a region and produce agreement on roles and responsibilities, phasing
considerations for the most effective implementation of planned ITS capabilities, and regional agreements on technology and standards thus
promoting interoperability and higher levels of benefits.
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Section 4: Lessons Learned / Best Practices

Section 4 provides advice on developing and implementing traveler information projects using lessons from agencies that have developed and implemented
ITS systems, or are currently developing and implementing ITS projects, plus lessons and best practices information from relevant areas of other civil and
defense technology projects. Information is provided on various topics in ITS relevant to the deployment of traveler information systems.

T Stakeholder involvement and coordination, plus teamwork and selecting the right project staff may be the keys to success on any ITS project.
This is even more true in traveler information projects, since the TIS needs to interface with all systems having information relative to traveling
in the region and special relationships between the public and private parties must be defined and made to work.

T  Fundamental steps used by transportation agencies in the formulation and implementation of projects involve assessing problems or needs,
the search for, analysis of, and selection of a solution, design of the project, and finally, the funding, procurement and implementation. These
are the same process steps described in Section 2.

T Transportation agencies face many impediments in the procurement and contracting of developing projects, as procedures, controls and
measures which have been put into place over the years for construction projects have had to be accommodated. However, there is some relief
for these impediments. This section sheds some light on the more common problems that have been experienced, and some of the lessons that
experience has provided.

Section 5: How Do | Find Out More?

Section 5 shows readily accessible places to find additional information on traveler information systems, ITS, the National ITS Architecture, and ITS
Standards.

References

These references pages provide a brief listing of references that may be important to those involved in any of the key roles or activities involved in
planning, development and deployment of a traveler information system.

Appendices

Finally, this document contains six appendices: Appendix A discusses ITS Standards; Appendix B provides a Glossary; Appendix C presents the Physical
Architecture Data Flows associated with traveler information systems; and Appendix D is a synopsis of each of the 16 volumes that make up the National
ITS Architecture documentation. The remaining two appendices, Appendices E and F, provide some background on traveler information and
communications technologies, respectively.

T TS Standards described in Appendix A are those applicable to traveler information systems. ITS standards have been and are being developed
to support the integration of transportation systems. 1TS standards should be used to help ensure interoperability of ITS subsystems and
devices plus interchangeability of like devices.

T Physical Architecture Data Flows listed in Appendix C indicate the information that is intended by the National ITS Architecture to flow across
interfaces of traveler information systems with other transportation systems in the region, including traffic signal control systems, freeway
management systems, and transit management systems.
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2. Use of the National ITS Architecture Tools in Traveler
Information Projects

2.1  Overview

This chapter presents the details of how the National TS Architecture can be applied to traveler information system project development activities. An
overview of traveler information systems and a general project development process is presented first to establish the context for this chapter. Next, the
key concepts of the National ITS Architecture are discussed to ensure that the reader understands the fundamentals and structure of the tool. The following
section then shows how to apply the National ITS Architecture concepts and databases to the various steps presented in the general project development
process. Lastly, two project application scenarios are presented which use realistic examples to illustrate the points made in the previous sections.

2.2 Traveler Information System Applications

This section provides an overview of the various traveler information services and technologies, a discussion of the key requirements and characteristics of
effective traveler information systems, and a discussion of the very important topic of public-private partnerships in the delivery of traveler information.

2.2.1  Overview

Traveler information technologies allow travelers (and soon-to-be travelers), to receive roadway and transit network information. There are two hasic
categories of traveler information: pre-trip and en-route. These categories and the type of information provided under them are based on when
information is obtained relative to the start of a trip.

2.2.1.1  Pre-Trip Traveler Information
Pre-trip planning systems provide travelers with roadway and transit information which can be used to plan a trip, including which route to take, what

transportation mode to choose, and what time to depart. Whether provided to travelers at home, the workplace, park and ride facilities, transit stations,
or intermodal locations, pre-trip traveler information can help relieve congestion by allowing travelers to make informed decisions—for example, to
reroute, delay start of the trip, shift modes, or avoid travel altogether. Pre-trip traveler information also supports itinerary planning, which can provide
information on the entire trip from one point to another, even if it involves multiple modes.

In providing pre-trip traveler information, the focus is on travel behavior and decision support. This requires providing accurate and timely information to
travelers before their trip. Touch-tone telephanes, personal computers, pagers, personal digital assistants (PDAs), kiosks, and automated data retrieval
systems which augment existing human-operator interfaces have the potential to substantially improve the accessibility of traveler information, thus
influencing traveler behavior.

Transit agencies, in particular, have made great strides in decreasing the time a customer has to wait to obtain travel information. As an example,
telephone call-in can provide detailed information such as the closest transit stop to the caller's origin, directions to a stop, the closest stop to the caller's
destination, detailed directions on transit between the origin and destination stops, and directions to the final destination from the last stop. Automation
has led to a greater amount of information being provided in less time to travelers, and in most cases at a reduced operating cost.

2.2.1.2 En-Route Traveler Information
En-route traveler information can provide the traveler with roadway and transit information while traveling. Information is typically provided using

roadway devices, devices at transit platforms and stations, and devices mounted within vehicles, be they automobiles, buses, or trains.
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Along the roadway, variable message signs and highway advisory radio messages provide information regarding traffic congestion, incident and
construction locations, weather advisories, and special events which may impact travel on a particular section of roadway. Dashboard devices can provide
avariety of en-route traveler information to both the traveler as well as transportation providers. Active warning systems can alert motorists of an
impending adverse or potentially dangerous travel condition, such as a sub-standard curve or the low clearance of a bridge located en-route. Sophisticated
route guidance systems can assist motorists in route planning as well as provide timely directions via a computer-synthesized voice, graphics, or some
combination. Finally, new radio advisory systems can override standard radio broadcasts to provide real-time traveler information, such as the location of
an incident to motorists.

Within transit networks, en-route information can include the expected arrival of the next vehicle and the route identifier (provided at station stops); or
the next stop and anticipated time of arrival (provided within the transit vehicle).

2.2.1.3  Traveler Information Technologies
Most traveler information is collected by surveillance equipment (vehicle detectors, cameras, automated vehicle location systems), and is processed by

computers in a transportation management center for distribution using audio and visual technologies. These technologies can be based in the home,
office, passenger vehicle, transit vehicle, public transit station, or in the case of personal communication devices, can travel with a person. These
technologies are summarized in Table 2.2-1.

Descriptions of these technologies are included in Appendix E, and a short discussion of applicable communication alternatives is included in Appendix F.
In addition, the National ITS Architecture team conducted an in-depth survey of communications technologies—this survey is included in the
Communications Analysis document of the National ITS Architecture.
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ype of Information

Table 2.2-1. Traveler Information Technologies

ype of System

pissemination

pissemination

Pre-Trip Information

Computer Based
Systems

Internet
Electronic Bulletin
Board Services
Videotex

Internet-based
broadcasts

Telephone Based
Systems

Technology not currently
applicable

Traveler Advisory
Telephone

Television Based
Systems

Broadcast Television Media
(1SP)

Teletext

Cable Television
Interactive Television

Audio is broadcast with most
television based systems

En-Route Information

Roadway Based
Systems

Variable Message Signs

Highway Advisory
Radio

In-Vehicle Systems

Active Warning
Systems

Route Guidance
Systems

Radio Data
Systems (FM
Subcarrier)
AM and FM Radio (Broadcast)

In-Transit Vehicle
Based Systems

Message Boards

Automated Annunciation
Systems

Station
Based Systems

Kiosks
Display Monitors
Message Boards

Public Address Systems

Personal Based
Systems

Personal Digital Assistants
(PDAs)

2.2.2 Traveler Information Requirements and Characteristics

Technology not currently
applicable

2.2.2.1 Traveler Information Requirements

Traveler information, both pre-trip and en-route, can be categorized as either static or real-time. Static information may be defined as known or planned
events which change relatively infrequently, while real-time information may be defined as the most current available information at a given point in time.
Real-time information differs from static information in that it continually changes based upon a wide variety of events.

Static Information
Static traveler information, much of which can be considered pre-trip in nature, includes:

g Planned construction and maintenance activities which reduce the number of travel lanes along a section of roadway, or impact the frequency
and/or travel time of transit service.

Special events which generate significant increases in traffic that can impact travel along specific roadways, and sections of roadways.
Toll information (cost, payment options).
Transit information (fares, schedules, fare purchasing options, routes).

Intermodal information (connections, services).

Q @ @ Q@ @

Commercial vehicle regulations (height and weight restrictions, hazardous materials).
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g

g

g

Parking information (locations, cost).
Yellow Pages information (services, tourist attractions, lodging, food, etc. available at destination).

Directions to destination.

Real-time Information

Real-time information can be distributed both pre-trip and en-route. As an example, incident information is just as important to travelers who routinely
check current conditions along their normal commuting route, prior to starting their trip, as it is to motorists currently traveling along the route where the
incident has occurred. Real-time traveler information desired by travelers include:

g

Q@ @ Q@ @ @ @

Roadway travel conditions associated with travel delay, such as congestion, locations of queues, and incident locations.
Potential alternate routes which can facilitate travel, particularly in the event of a temporary roadway or transit line closure.
Weather advisories detailing snow, ice, and fog which can impact travel.

Transit schedule adherence.

Park-and-ride and parking lot status (space available/not available).

Anticipated travel time to destination (accounting for real-time conditions).

Identification of the next stop on a train or bus.

2.2.2.2 Traveler Information Characteristics
Interviews with operators and users of traveler information systems have been used to define the following important characteristics of travel information;

g

2.2.3

Timely, Accurate, and Available. For travel information to be useful, it needs to be current and received in time to allow a user to act
onit (e.g., route, mode, time). Travelers also want and need to know that the travel information is correct, whether it concerns the arrival time
of the next train or the location and severity of traffic problems. Finally, potential users want information to be available when needed, and be
consistent in quality (as measured by its accuracy, timeliness, and relevance to travelers Trip needs).

Cost Effective. Consumers will pay for timely and accurate traveler information (and associated products and services) which is relevant,
helps save time, and is provided at a reasonable cost.

Provides Route and Decision Guidance. Traveler information must contain sufficient detail —about locations, times, and
possible alternates —to be useful in planning travel, or to allow en-route adjustment of plans.

Easy to Access and Easy to Use. Traveler information should be accessible in a variety of forms and locations —in-vehicle, personal
devices, kiosks, home computer — and be easy to use, since users perceive access time as an additional cost associated with using traveler
information.

Safety Implications. The extent to which traveler information can help users to avoid a dangerous situation, or to feel protected in the
event of a bad accident or other emergency, is very important. Another safety consideration is the degree to which accessing in-vehicle
information may cause a distraction for the driver.

Public-Private Partnerships
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An extremely important issue in defining and developing traveler information systems is that of public-private partnerships, and the respective roles of
public agencies and private firms in implementing, operating, and maintaining these systems. While a major thrust of TS is to stimulate these
partnerships, the nature of public-private partnerships is still evolving. This excerpt from Shared Resources: Sharing Right-of-Way for Telecommunications
offers the following:

Public-private partnership agreements define how the project will be set up and includes choices related to the form of
property right, exclusivity, geographic scope, social issues, and procurement considerations.

General agreement hetween public and private partners may take the form of a legal written document or memorandum of understanding, stating how
partners will cooperate to deliver products, services and information to the public.

2.2.3.1 Business Plans

Business plans are used to define and structure the public/public and public/private partnerships that are needed to build, operate, and maintain the
traveler information system. They define the roles and responsibilities of the public and private sectors, the structure of the relationships between
partners, and the financial plan to be applied to the TIS.

Business plans will shape how the traveler information business emerges in your area. A top-level view of a business plan is shown in Figure 2.2-1.

Pl’lva'[e SeCt or Exgectations
Investment *Profitability

*Return on investment
*Application of

productsand service
Revenues to new market

o The
O \&év )
@,& Business
Products & Expectations
Consumer M arket Issues . “Public Good
eIsthe market National? Services ublic 1500
. *Open Markets
*How much product/service !
*Cost Savings
can | sell? . ;
eIsthe mar.ket large enough to *Social Equity
arg 9 Public Sector «ITS Goals
attract advertisers?

*What are consumers’ needs Investment
for data accuracy?
«Consumer willingness to pay?

Figure 2.2-1. Top-Level View Of A Traveler Information Business Plan

Figure 2.2-1 illustrates three primary forces that shape the traveler information business. They are:
1. Consumer Demand and Willingness to Pay — generally based on the perceived value of traveler information.
2. Private Sector Expectations — shaped by profitability, return on investment, and market size.

3. Public Sector Expectations — shaped by the goals of ITS (efficiency of transportation, improved air quality, etc.), public policy, and social
interests.
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Technology also plays an important role in defining what products and services can be delivered in the market place. To date, significant investment in
field equipment, algorithms, map technology, in-vehicle devices, personal information devices, and communications have placed traveler information
systems on the brink of popular demand. In addition, field operational tests sponsored by the U.S. DOT have helped to establish an environment where
technologies can be tested and refined.

2.2.3.2 Consumer Market And Willingness To Pay
This element of the husiness model covers the consumption side bath in terms of potential consumer products and the demand for traveler information
itself. For the purposes of this discussion, we will focus on three areas (or consumer market segments).

g Commercial Traffic Reporting Agencies
g Autonomous and Advisory Traveler Information Systems

g Subscription or Fee based Traveler Information Services

Abrief discussion of each follows.

Commercial Traffic Reporting Firms

Currently, the most visible and perhaps mature form of traveler information are traffic and transit reports broadcast over radio and television. Most radio
stations, and increasingly television stations in metropolitan areas, provide transit and roadway incident and congestion information, especially during
morning and afternoon rush hours. This information is generally provided to radio and television stations as a service by commercial traffic (including
transit) reporting firms. These firms gather roadway information from aircraft or video cameras, incidents and planned roadway construction from
transportation agencies, and current roadway conditions from drivers with cellular telephones.

These firms are able to accumulate airtime on stations across the country and can provide a national network of advertising media to large sponsors. This
has proven to be financially successful endeavors in many geographic markets. But, it is interesting to note that this successful business has not yet tapped
into direct-pay consumers. As is true with much of the media business, success is based on an entertaining presentation of the content and advertising.
(Excerpt from Generating Revenue in the Traveler Information Marketplace, Wollenberg, S., Presentation at 1996 World Congress on Intelligent
Transportation Systems.)

Autonomous and Advisory Traveler Information Systems

The market for navigation and guidance travel information systems is growing. Indicators of this are sales figures and sales projections (market forecasts)
for in-vehicle based devices. A recent study (Frost & Sullivan) indicates the rate of growth in this segment. The study researched two aspects of navigation
and guidance systems—autonomous and advisory systems. Autonomous systems are defined as fully independent units, while advisory systems provide
the capability of dynamic travel information content (e.. traffic congestion, incidents, etc.).

The study states:

The potential market for these products include private automobiles, recreational vehicles, emergency service vehicles,
and rental cars. The approximately 122 million privately owned cars in the United States represent an enormous
potential market.

Asummary of this market research and forecast is included in Table 2.2-2.
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Table 2.2-2. Market Forecast for Autonomous and Advisory
Navigation and Guidance Systems

Year Autonomous Systems Advisory Systems
(Units) (Units)

1994 1,000 210
1995 2,800 360
1996 7,700 550
1997 19,700 880
1998 42,700 1,900
1999 84,200 4,800
2000 148,800 15,100
2001 216,100 47,700

Subscription or Fee-Based Traveler Information Services
This market remains largely untapped. However, a growing body of market research indicates a potentially bright future.

A recent Harris Research Group survey (in the New York metropolitan area) indicates that almost one-third (31%) of those surveyed said that traveler
information would have an effect on how often they travel on certain forms of transportation. (Indications in your region may vary.) A 78% majority of
people surveyed during this Harris effort said they would be willing to pay something to access an improved traveler information system.

Specific results are summarized in Table 2.2-3.

Table 2.2-3. Consumer Willingness to Pay - Survey Results

Percent Willing to Pay
56% $5/month
40% $10/month
30% $15/month
44% $1 per telephone call to obtain travel information
64% 50 cents per telephone call to obtain travel information

Source: TRANSCORE, Inc.

2.2.3.3 Public and Private Sector Expectations

The public and private sectors generally have differing points of views and consequently differing expectations with regard to traveler information systems.
A potential hindrance to a successful partnership agreement is the stark difference in the way the public and private partners do business. These
differences are due largely to the different measures of success used by the two sectors. This will likely impact the way partners want evaluations to be
conducted, and how success of the venture is ultimately measured.

Private Sector Expectations

The private sector $biggest indicator of success is profitability, with volume (number of units sold), price and quality of its products and services being key
determinants. Vendors want a national market where the same product works anywhere in the country and are concerned about the potential size of the
traveler information systems market. Companies involved in traveler information systems today understand that their investments may give them a
significant advantage in both product development and market research, leading to earlier production of a marketable product and increased market
share of sales to the general public (IVHS Institutional Issues and Case Studies, FHWA, 1994). Consequently there is a desire on the part of early investors
to safeguard their investment by protecting (not sharing) the market and information with potential competitors.
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Public Sector Expectations

The public sector Sindicators of success are generally the same as those for ITS on a national level—reducing congestion, improving driving safety, etc.
Other considerations for the public sector may include: revenue generation, cost savings, motivating private investment, and open markets.

Universities (whether public or private) participate in public-private partnerships. They pride themselves on advancement of science,
technology and engineering, the reputation of their professors and the quality of the students they attract and matriculate.

Roles and Responsibilities

The traditional roles of the public and private sectors will continue to shape their future roles in traveler information systems ventures. For example, the
public side will likely continue to install and operate variable message signs, and roadway sensors, while the private side will continue to provide
information through broadcast media including radio and television. Nonetheless, many opportunities for partnering exist. These are depicted in Figure
2.2-2.

Additional public sector roles may include:

g Providing static information (construction event notices and transit schedules)
g Providing seed money for infrastructure and integration

g Sharing risks and funding

Additional private sector roles may include supplementing basic information provided by public agencies, product development, and market research.

g Coordination of wireless communications (sub-carrier) leases
g Providing staff to support Traveler Information Center operations

g Sharing risks and funding
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Private

* Route Guidance

 Yellow Pages/
Reservations

* Broadcast M edia-based

Traveler Information

Figure 2.2-2. Public and Private Sector Roles
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2.2.3.4 Business Plan Partnership Structure

As stated previously, a business plan outlines the structure of the relationship between partners. Figure 2.2-3 shows a detailed view of a business plan. It
is comprised of four functions—data collection, data fusion, value added, and data distribution—any of which can be provided by public, private, or
public-private partnering.

Data Collection

Data collection has traditionally been managed by the public sector. This has evolved from infrastructure put in place as part of a traffic or transit
management system and includes roadway traffic sensors, vehicle tags and beacons, and video surveillance cameras. However, the private sector often
supplements the data provided by public agencies to provide complete coverage of the region. In addition, commercial traffic reporting agencies (and some
public sector agencies) have used aerial surveillance to monitor roadway conditions. Examples of data collected and devices are shown in Figure 2.2-3 and
Figure 2.2-4.

Data Fusion

Data fusion refers to two processes: data synthesis and data translation. This is shown graphically in Figure 2.2-4. Data synthesis is the combining of data
from multiple sources, typically different agencies, into one source for subsequent distribution. Data translation includes the computer algorithms required
to transform one or more pieces of information into another piece of information. This may include the translation of;

g Volume and occupancy into speed and travel time

g NTSCvideo signal from cameras into a digital format or video snapshot

g Signpost and odometer readings from buses into bus location (longitude latitude), location on route, and schedule variance (time and distance)
g Incident reports from various sources into incident location, type, and expected delay (duration)

Value-Added Function

The value added function includes any form of repackaging of information into a form that can be provided to consumers. This role is one typically
performed by the private sector (e.g. commercial traffic reporting agency), but includes any repackaging of content delivered by public agencies to
motorists—for example, using variable message signs and highway advisory radio.

Private sector value added content may include confirmation of traffic and incident reports from the public sector, and the creation of 20 second radio
messages. As previously discussed, private companies may provide additional surveillance (air, vehicle probes, CCTV video) to supplement hasic
information provided by agencies to provide total coverage of an area.

Radio and television stations bundle the transportation information provided by private firms, along with weather information, financial reports, and
news, as a value-added service to their main programming. This concept is shown in Figure 2.2-4.
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Additional traveler information may also be provided in the form of alternate route information (route guidance), and yellow pages and reservation
functions.

Other resources which may be contributed by a private sector partner include: office space, computers and equipment, operations and maintenance staff,

software development, research (market, technology), and products.

Data Distribution

Finally, data is distributed to the consumer through a number of communications media and devices, ranging from hand held and in-vehicle devices to the
Internet and commercial radio broadcast. Data content can be tailored to fit the needs of the consumer as market niches develop for specific types and
delivery mechanisms of traveler information. Traveler information technologies are discussed in Appendix E, and communications technologies are
discussed in Appendix F.

2.2.3.5 Institutional / Legal Issues

Anumber of institutional and legal issues may impact partnership agreements. This includes:
g Length of Partnership Agreement
g Guarantee of Information Delivery

g Compensation for Information

These are discussed below.

Length of Partnership Agreement
The length of the partnership agreement may vary and depends on two key drivers;

g Howmuch time will the public sector subsidize and support efforts while a self-sustaining traveler information market develops?

g Howmuch time will the private partners support efforts while a profitable traveler information market develops?

Guarantee of Information Delivery

As previously shown in the discussion on TIS business models, delivery of information to consumers depends on the commitment to deliver information
hetween the data collection processes (generally managed by the public sector), the data fusion pracess (which may be managed by either public or private
sector), and the value added function and data distribution (generally managed by the private sector). Two issues must be considered: guarantee of
timeliness and frequency of delivery of information, and guarantee of information accuracy.

In addition, issues such as the need to correct problems within a certain amount of time to provide continuous and reliable information services to
consumers need to be addressed.

Compensation for Information

In essence, the extent to which public agencies can receive compensation depends on whether their authorizing legislation defines them as highway service
providers or revenug generators.

Special purpose transportation agencies such as turnpike and transit agencies have the least constraining legislation, which allows considerable latitude in
accepting any type of compensation available and using such compensation for the agency Stransportation purposes.
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State DOTs are highway service providers and are generally more limited in their authority to receive compensation. In some cases, states have elected to
avoid negotiating for cash compensation rather than debate their authority to receive such revenues. In-kind services are often used instead of cash
payment in order to avoid the problems some agencies have receiving cash payments. ( Shared Resources: Sharing Right-Of-Way for Telecommunications -
Final Report, US DOT, 1996).

These issues have shaped many agencies Tolicies on public information and associated compensation.

2.3 Development of Traveler Information Projects

Transportation agencies go through a variety of steps and processes in developing and deploying transportation improvement projects. The nature and
level of formality of these processes depends on the scope of the project, state and local procedures, funding requirements, and legislative requirements,
among other things. For traveler information related projects, establishing agreements between public agencies and private sector companies may also
affect the project development process. However, there are certain fundamental steps that are fairly common across these processes. These hasic steps
include:

1) Identification of transportation needs or problems

2)  Identification of potential solutions to the problem

3)  Planning and design of solutions to the problem

4)  Funding, procurement, and implementation of the solution to the problem

Each step of this development process is briefly described below as it relates to transportation issues that agencies or public works departments involved
with traveler information provision may experience. In some cases, traveler information should be thought of as a complementary enhancement to other
solutions, and not as a stand-alone solution to transportation problems.

2.3.1 Identification of Needs or Problems

Typically the first step an agency takes in developing and implementing a project is the identification of existing transportation needs, objectives, or
problems. These may be identified through a number of activities, whether through a traditional transportation planning process, public questionnaire, a
problems/needs identification study, or an ITS Early Deployment Planning (EDP) process. For example, an agency may identify a particular section of
roadway that has frequent delays due to traffic volumes and an unusually high rate of incidents.

2.3.2 ldentification of Solutions
Based on the identified problem, in this example delays on a section of roadway with high traffic volumes and a high occurrence of incidents, the agency
will identify potential solutions to the problem. Potential solutions to this particular problem may include some combination of;

g Implementing a system of Variable Message Signs to warn travelers of incidents and delays

g Establishing a direct connection with local traffic information service providers to provide them with up-to-the-minute status information on
current incidents and traffic delays

g Establishing more service patrols for quicker incident response
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g Implementing CCTVs at key locations for quicker, more accurate detection, verification, and response to incidents
g Developing and implementing a cellular call-in solution

When evaluating the potential solutions, it is important to keep in mind institutional considerations and implications for operations and maintenance.

2.3.3 Planning and Design of the Solution

Once an optimal solution to the problem has been identified, the agency typically begins a process of planning and designing the solution or system. The
planning phase may include activities such as determining implementation and phasing strategies, and identifying and securing of funding sources. The
design phase may include activities such as preparing detailed specifications (for hardware, software and communications) and designing systems
configurations.

2.3.4 Funding, Procurement and Implementation

Once the agency has identified the most feasible solution to the transportation challenge, the system or portion of a system is procured. The traditional
approach to procurement is a two-step process: (1) the letting and completion of a contract to retain architect/engineering services to prepare detailed
design specifications for the facility and (2) the letting and completion of a separate contract for the construction of the project. Due to the rapidly
changing and technological nature of ITS, the system manager approach to procurement can also be used. In this case, the system manager performs the
design and writes the specifications. The hardware and construction is bid in the conventional manner, but the system manager remains to develop the
software, integrate all the different components, and provide documentation and training for the operating personnel. See Section 4 for a discussion of
these and other procurement alternatives.

A successful process will result in the desired objectives ( which respond to the problems and needs that are identified in the first step) being satisfied by
the implemented system. Successful aperations of the system (often overlooked during the project development process) over a sustained period of time is
the true indicator of how well the overall process worked.

2.4 Key Concepts of the National ITS Architecture

The National ITS Architecture is available as a resource for any region and will continue to be maintained by the U.S. DOT  independently of any specific
system design or region in the nation. It represents the work and collective thinking of a broad cross-section of the ITS community (systems engineers,
transportation practitioners, technology specialists, system developers, consultants, etc.) over several years. As such, the National ITS Architecture contains
material that will assist agencies at each step of project development (which will be presented next in Section 2.5) and in thinking about how an individual
project, such as a traveler information project, fits into a larger regional transportation management context (to be discussed further in Section 3).

Because of the extensive geographic and functional scope of the National ITS Architecture and the requirements which drove its development, it is
structured somewhat differently and uses different terminology than is typically used today in the transportation community. It was developed to support
ITS implementations over a 20-year time period in urban, interurban, and rural environments across the country. Accordingly, general names were given
to the physical transportation system components and locations in order to accommodate a variety of local design choices and changes in technology or
institutional arrangements over time. This allows the general structure of the National ITS Architecture to remain stable while still allowing flexibility and
tailoring at the local implementation level. This difference in language can be easily overcome with a better understanding of how the National ITS
Architecture is organized and how it relates to familiar systems of today.

As background, this section explains the essential terminology and concepts needed to understand, navigate, and use the National TS Architecture and
then provides a summary of the key documents produced under the National ITS Architecture development effort which will be referred to in the next
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section. The portions of the material which are particularly relevant to traveler information systems are also highlighted. The reader who is already
familiar with the National ITS Architecture may wish to skip ahead to the next section for information on how to use this information and methodology in
the context of project development. The following concepts and terms are explained in this section:

g User Services and User Service Requirements (2.4.1)
g Logical Architecture (2.4.2)
Physical Architecture (2.4.3)

Equipment Packages (2.4.4)

Q@ Q@ @

Market Packages (2.4.5)
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2.4.1 User Services and User Service Requirements
User services represent what the system will do from the perspective of the user. A user might be the public or a system operator.

Table 2.4-1 presents the 30 user services which formed the basis for the National ITS Architecture development effort, grouped into seven bundles for
convenience. These user services were jointly defined by a collaborative process involving USDOT and ITS America with significant stakeholder input.
Clearly, a different set could have been defined. The important point is that the concept of user services allows the process of system or project definition
to begin by thinking about what high level services will be provided to address identified problems and needs. The bolded entries in the table are most
relevant to traveler information systems.

Anumber of functions are required to accomplish each user service. To reflect this, each of the user services was broken down into successively more
detailed functional statements, called user service requirements, which formed the fundamental requirements for the National ITS Architecture
development effort. For example, the pre-trip travel information user service is actually defined by over 40 “finctions” {the hierarchy of user service
requirements makes it difficult to provide an exact number). In the Traceability Matrix of the National ITS Architecture documentation, the user service
requirements can be reviewed. Many of these user service requirements can be implemented today, although some of them may be more representative of
future capabilities and should be deferred for now. User service requirements can be used as a departure point for the development of project functional
requirements and system specifications, as will be discussed in Section 2.5.
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Table 2.4-1. User Services for the National ITS Architecture

User Service Bundle User Service
Travel and Transportation En-Route Driver Information
Management Route Guidance
Traveler Services Information
Traffic Control
Incident Management

Emissions Testing and Mitigation
Highway-Rail Intersection

Travel Demand Management Pre-Trip Travel Information
Ride Matching and Reservation
Demand Management and Operations

Public Transportation Operations Public Transportation Management
En-Route Transit Information
Personalized Public Transit

Public Travel Security

Electronic Payment Services Electronic Payment Services

Commercial Vehicle Operations Commercial Vehicle Electronic Clearance
Automated Roadside Safety Inspection
On-Board Safety Monitoring

Commercial Vehicle Administrative Processes
Hazardous Material Incicent Response
Commercial Fleet Management

Emergency Management Emergency Notification and Personal Security
Emergency Vehicle Management

Advanced Vehicle Control and Longitudinal Collision Avoidance

Safety Systems Lateral Collision Avoidance

Intersection Collision Avoidance

Vision Enhancement for Crash Avoidance
Safety Readiness

Pre-Crash Restraint Deployment
Automated Highway Systems

Table 2.4-2 provides an illustration of user service requirements using an excerpt from the pre-trip travel information user service.
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Table 2.4-2. Example of User Service Requirements: Excerpt from Pre-Trip Travel Information

1.1.0 (ITS) shall provide a Pre-Trip Travel Information (PTTI) capability. to assist travelers in making mode choices, travel time
estimates, and route decisions prior to trip departure. It consists of four major functions, which are, (1) Available Services
Information, (2) Current Situation Information, (3) Trip Planning Service, and (4) User Access. Information is integrated from
various transportation modes and presented to the user for decision making.

1.1.1 PTTI shall provide travelers with information on those travel services available for their use.
1.1.1.1 PTTI shall provide users with available services information that is timely.

1.1.1.1.1 PTTI shall provide users the latest available information on {ransit routes.

1.1.1.12 PTTI shall provide users the latest available information on transit schedules.

1.1.1.1.3 PTTI shall provide users with real time schedule adherence information.

1.1.1.1.4 PTTI shall provide users the latest available information on {ransit transfer options.
1.1.1.1.5 PTTI shall provide users the latest available information on {ransit fares.

1.1.1.1.6 PTTI shall provide users information on accessing ridematching services.

1.12 PTTI shall provide the capability for users to access information on the current condition
of transportation systems.

1.12.1 PTTI transportation services current situation information shall be provided in real-time.
1.12.1.1 Real-time information provided by PTTI shall include the current condition of any

incidents.

1.1.3 PTTI shall include a trip planning service.

2.4.2 Logical Architecture

Alogical architecture is best described as a tool that assists in organizing complex entities and relationships. It focuses on the functional processes and
information flows of a system. Developing a logical architecture helps identify the system functions and information flows, and guides development of
functional requirements for new systems and improvements. A logical architecture should be independent of institutions and technology, i.., it should not
define where or by whom functions are performed in the system, nor should it identify how functions are to be implemented.

The logical architecture of the National ITS Architecture defined a set of functions (or processes) and information flows (or data flows) that respond to the
user service requirements discussed above. Processes and data flows are grouped to form particular transportation management functions (e.g., manage
traffic) and are represented graphically by data flow diagrams (DFDs), or bubble charts, which decompose into several levels of detail. In these diagrams,
processes are represented as bubbles and data flows as arrows. Figures 2.4-1and 2.4-2 depict simplified data flow diagrams from the National ITS
Architecture documents. Note that each bubble in the logical architecture is a process that describes some logical function to be performed.
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For example, as shown in Figure 2.4-1, at the highest level of the National ITS Architecture, the Provide Driver and Traveler Services process (which

includes traveler information functions) interacts with seven other processes.

Manage
Commercia
Vehicles

Manage
Traffic

Provide
Electronic

Payment
Services

Provide
Vehicle
Monitoring
and Control

Provide
Driver and
Traveler
Services

Figure 2.4-1 The Eight Major Processes within the Logical Architecture

A
v
<
3
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Figure 2.4-2 illustrates how the Provide Driver and Traveler Services process is then further broken down into eight sub-processes, and how one of those
processes, Provide Trip Planning Services, is broken down even further. Each of the processes in the logical architecture are broken down until the point at
which a complete functional view of a system emerges. At the lowest level of detail in the functional hierarchy are the process specifications (referred to as
P-specs in the documentation). Figure 2.4-2 shows four example process specifications within the functional decomposition. These process specifications can
be thought of as the elemental functions to be performed in order to satisfy the user service requirements (i.., they are not broken out any further). The

information exchanges between processes and between P-specs are called the (logical) data flows.
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Example overview descriptions of process specifications relevant to traveler information systems are given below in Table 2.4-3.

Table 2.4-3. Example Process Specifications (Overview Descriptions)

Provide Trip Planning Information to Traveler ( P-Spec §.1.1)

Overview: This process shall be responsible for obtaining all the information needed to fulfill the traveler's request for a trip.
The process shall support the request for trips that require the use of more than one mode of transport, and shall use the
preferences and constraints specified by the traveler in the trip request, plus data from the store of trip planning parameters,
to select the most appropriate modes. It shall send details of the trip requirements to the specialist processes that provide
route information for the different modes of transport. When route data is received back from these processes, this process
shall ensure that the whole trip is covered by one coherent route for which all the data such as costs, arrival times, modal
change points, etc. are known. The information provided to the traveler by the process shall be sufficient to enable the routing,
modes and cost of the trip to be understood by the traveler, and to be used as the basis of a subsequent trip confirmation.
This process shall exchange all input and output data from and to the traveler with the appropriate traveler interface process.

Collect Traffic Data for Advisory Messages ( P-Spec 62.1.1 )

Overview: This process shall be responsible for the collection and fusion of data received from the Manage Traffic function and
loading it into the store of traveler traffic information. The data shall be provided to the process as both requested and
unrequested data flows. The requested data flows shall be oblained by the process al periodic intervals. The process shall fuse
all the received data into a coherent set which is loaded into a data store for access by other processes in the Provide Driver
and Traveler Services function.

Provide Traffic and Transit Broadcast Messages ( P-Spec 62.1.4 )

Overview: This process shall be responsible for exiracling data from stores of traveler traffic and transit information at regular
inervals and sending it out to the driver or transit user in a vehicle as a wide area broadcast message. This message shall be
outpul by the process at regular intervals without the need for requests by either of the recipients or the ISP operator. The
data read from the store shall be filtered using parameters set up in a store by the ISP operator.

Get Traveler Request ( P-Spec 6.3.1 )

Overview: This process shall be responsible for receiving inpul data from a traveler located at a kiosk. The process shall
provide support for trip planning, traffic, transit and other (yellow pages) services information requests, as well as trip and
yvellow pages confirmalion and payment requests. The process shall send these requests to the appropriate processes within the
Provide Driver and Traveler Services function for further processing to generale the responses. The interface to the traveler
shall also be provided through a separate process, from which the input flow to this process will originate.

2.4.3 Physical Architecture

A physical architecture is the physical (versus functional) view of a system. A physical architecture provides agencies with a physical representation
(though not a detailed design) of how the system should provide the required functionality. A physical architecture takes the processes (or P-specs)
identified in the logical architecture and assigns them to physical entities (called subsystems in the National ITS Architecture). Inaddition, the data flows
(from the logical architecture) that originate from one subsystem and end at another are grouped together into (physical) - architecture flows. In other
words, one architecture flow may contain a number of more detailed data flows. These architecture flows and their communication requirements define the
interfaces required between subsystems, which form the basis for much of the ongoing standards work in the ITS program. Development of a physical
architecture will identify the desired communications and interactions between different transportation management organizations. Figure 2.4-3 depicts
the relationship between the logical and physical architecture.
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Figure 24-3 Representative Logical and Physical Architecture

In the National ITS Architecture, the physical architecture is described by two layers: the transportation layer and the communications layer. Each of these
is briefly described below.

Transportation Layer

The transportation layer of the physical architecture shows the relationships among the transportation-management-related elements. It is composed of
subsystems for travelers, vehicles, transportation management centers, and field devices, as well as external system interfaces at the boundaries (called
terminators in the documentation). The transportation layer may include:

g Field devices for traffic surveillance and traveler information dissemination

g Traffic signal and ramp metering controllers

g Transportation management centers

g  Kiosks, in-vehicle equipment, and other devices that can provide a user interface for traveler information

Communications Layer

The communications layer of the physical architecture shows the flow of information and data transfer for the transportation layer components. This layer
depicts all of the communications necessary to transfer information and data among transportation entities, traveler information and emergency service
providers, and other service providers such as towing and recovery. The communications layer clearly identifies system interface points where national
standards and communications protocols can be used.

Institutional Implications

While an institutional layer is not actually part of the physical architecture, the physical architecture cannot be fully defined in a region without some
decisions being made regarding the jurisdictional structure and working relationships that will provide a framework for ITS planning and implementation.
These institutional decisions should lead to depiction of who should communicate with whom, and what information should be communicated in the
transportation and communications layers, and will vary based on the unique needs and characteristics of a region.

Figure 2.4-4 from the National ITS Architecture, shows the 19 transportation subsystems (white rectangles) and the 4 general communication links (ovals)
used to exchange information between subsystems. This figure represents the highest level view of the transportation and communications layers of the
physical architecture. The subsystems roughly correspond to physical elements of transportation management systems and are grouped into 4 classes
(gray rectangles): Centers, Roadside, Vehicles and Travelers.
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Figure 2.4—4. National ITS Architecture Subsystems and Communications

Within the National ITS Architecture, the domain of traveler information systems is primarily represented by functions within 10 of the 19 subsystems.
These are listed below in Table 2.4-4.

The communications links include the equipment necessary for the various subsystems to exchange data to perform their transportation functions. It
should be noted that the term “Kireline communication” as used in the National ITS Architecture, refers to communication between stationary points. In
this context, wireline communication may include wireless communication. These communications services may be provided by agency-owned
communications plants (e.g. twisted pair, coaxial, fiber, or spread-spectrum radio), or may be leased from a communications service provider.
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Table 2.4-4. National ITS Architecture Subsystems Applicable to Traveler Information
Systems

Personal Information Access Subsystem Emergency Management Subsystem

Remote Traveler Support Subsystem Roadway Subsystem

Information Provider Subsystem Parking Management Subsystem

Traffic Management Subsystem Vehicle Subsystem

Transit Management Subsystem Transit Vehicle Subsystem

A brief description of the Information Service Provider, Personal Information Access, and Remote Traveler Support subsystems follow. These are
graphically depicted in Figure 2.4-5 and Figure 2.4-6 on the following pages.

Information Service Provider Subsystem. The term information service provider is introduced in the National TS Architecture. The information service
provider can be operated by a public or private sector organization; in many areas, both the public and private sector might be involved in the provision of
traveler information. This subsystem provides the capabilities to collect, process, store, and disseminate traveler information to subscribers and the public
at large. Information provided includes basic travel advisories, real time traffic conditions and transit schedule information, yellow pages information,
ride matching information, and parking information. The subsystem also provides specific directions to travelers by receiving origin and destination
requests from travelers, generating route plans, and returning the calculated plans to the users. The information is provided to the traveler through the
Personal Information Access subsystem, Remote Traveler Support subsystem, and various Vehicle Subsystems.

Personal Information Access Subsystem. This subsystem accesses traveler information from the home, at work, and other locations frequented by the
traveler using personal fixed and portable devices over multiple types of electronic media. Radio, television, personal computers, personal digital
assistants, telephanes, and any other communications-capable consumer products that can be used to supply information to the traveler are all
encompassed by this subsystem definition. Sophistication ranges from simple receipt of broadcast advisories to advanced interactive capabilities which
enable users to receive route plans and other real-time information tailored to their individual needs. Other available capabilities include Mayday and
real-time reservation services.

Remote Traveler Support Subsystem. This subsystem provides access to traveler information at transit stations, transit stops, other fixed sites along travel
routes, and at major trip generation locations such as special event centers, hotels, office complexes, amusement parks, and theaters. Traveler
information access points include kiosks and informational displays supporting varied levels of interaction and information access. At transit stops, simple
displays provide schedule information and estimated arrival time of the next vehicle. This basic information may be extended to include multi-modal
information including traffic conditions and transit schedules along with yellow pages information to support mode and route selection at major trip
generation sites. Personalized route planning and route guidance information can also be provided based on criteria supplied by the traveler.

The Information Provider, Personal Information Access, and Remote Traveler Support subsystems are equally applicable to roadway and transit
information. Two illustrative examples are presented to reinforce the concepts discussed about transportation subsystems. The examples will show how
systems are integrated to collect and disseminate various kinds of traveler information using a number of methods of distribution. More in-depth
scenarios are described in Section 2.6.

Please note that these two examples are not prescriptions for traveler information systems, but simply illustrate the concept of National ITS Architecture
subsystems.
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2.4.3.1 Example Subsystems for Roadway Based Traveler Information

The first example shows the functions necessary to provide roadway-based traveler information. This example is shown in Figure 2.4-5. The Roadway
subsystem collects traffic information (e.g. traffic Speeds, congestion, and incidents). A traffic management center, through means of a traffic
management system, uses the roadway information to monitor and control traffic. This information is also exchanged with an emergency management
center. The traffic management center provides traffic and roadway closure information to motorists through variable message signs (VMS) and highway
advisory radio (HAR), and provides updates to an information service provider which makes periodic radio broadcasts. Pre-trip and en-route travelers can
receive traffic information through electronic connections to the traffic management center Sand information service provider Scomputers. While it is not
shown in this example, the remote traveler support subsystem may be included in a traveler information system for roadway data.
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Figure 2.4-5. Potential Subsystems for Roadway Traveler Information Example
2.4.3.2 Example Subsystems for Transit Based Traveler Information
The second example shows the functions necessary to provide transit-based traveler information. This example, is shown in Figure 2.4-6. The example

shows the roadway subsystem which monitors the location of transit vehicles, and a transit management center which uses the information from the on-
hoard vehicle location system to monitor transit vehicle movements. The transit management center also controls a parking management system which
monitors parking availability at a park and ride lot. Kiosks and rider information systems at transit stations (video monitors, public address systems)
provide travelers information about transit and fare schedules, park and ride lot availability, and other trip planning information. While it is not shown in
this example, the information service provider and personal information access subsystems may be included in a traveler information system for transit

data.
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An important concept to understand from the physical architecture is that of support for combining
subsystems together (or functionality from multiple subsystems) in an actual implementation. This is
particularly important for the .center. subsystems, which should not be immediately thought of as
separate buildings. In simplest terms, the center subsystems are not .brick and mortar.. Fach
subsystem is a cohesive set of functional definitions with required interfaces to other subsystems;
subsystems are functionally defined, not physically defined. A regional implementation may include a
single physical center that collocates and integrates the capabilities from several of the center
subsystems. For instance, a single Transportation Management Center may include Traffic Management
Subsystem, Transit Management Subsystem, Emergency Management Subsystem, and Information
Service Provider subsystem capabilities. Conversely, a single subsystem may be replicated in many
different physical centers in a complex metropolitan area system. For instance, the traffic
management subsystem may be implemented in a traffic management center for freeway control in
addition to several distinct city traffic management centers that cooperatively control the arterials.
Figure 2.4-7 provides an indication of the range of ways that center subsystems may be implemented
in physical centers.

Center Subsystems
Information Transit
Service Management
Provider Subsystem
: Subsystem l . I )
: Physical L 1
Center Traffic Emergency
Management| Management|
Subsystem Subsystem
Sample Implementations
Information Transit Information Transit
Service Management Service Management
Provider Subsystem Provider Subsystem
1 1 1 I
- D) o 00 - )
Traffic Emergency Traffic Emergency
Management Management Management Management
Subsystem Subsystem Subsystem Subsystem
Co-located in Single Center Distributed Across Multiple Centers

Figure 2.4-7. Center Subsystems May Be Implemented In Various Regional Configurations
(Source: National ITS Architecture Implementation Strategy)
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2.4.4 Equipment Packages
The logical and physical architectures contain all of the essential architecture elements needed to provide the user services (and their more detailed

requirements). Although the formal definition of the National ITS Architecture stops there, other categorizations of the architecture elements were made for
the purposes of evaluation and to better understand the deployment implications. Sections 2.4.4 and 2.4.5 discuss the alternative views gained by grouping
sets of key functionality together. These perspectives, which are grounded in (or tied back to) the formal definition, can be used as additional entry points
into the National ITS Architecture.

The term “&quipment package” %as used in the National ITS Architecture development effort to group like functions (P-specs) of a particular subsystem
together into an “implementable” package of hardware and software capabilities (e.g., roadway infrastructure, communications, transit stop systems,
personal information devices, kiosks). The grouping of functions also took into account the user services and the need to accommodate various levels of
functionality within them. The equipment packages are associated closely with market packages (which will be discussed next) and were used as a basis
for estimating deployment costs (as part of the evaluation that was performed). The specific set of equipment packages defined is merely illustrative and
is does not represent the only way to combine the functions within a subsystem. The National ITS Architecture has defined approximately 110 equipment
packages in total. Equipment packages related to traveler information systems reside in multiple transportation subsystems of the National ITS
Architecture (see Section 2.4.3).

An example of an equipment package that is relevant to traveler information is “Basic Information Broadcast,” Which is comprised of 11 process
specifications (as shown).

Basic Information Broadcast Equipment Package (part of the Information Service Provider Subsystem):

This Equipment package provides the capabilities to collect, process, store, bill, and disseminate traveler information including traveler, transit, ridematching, traffic, and parking information.
The traveler information shall include maintaining a database of local area services available to travelers with up-to-the-minute information and providing an interactive connectivity between,
sponsors, and providers of services. The transit information shall include the latest available information on transit routes and schedules, transit transfer options, transit fares, and real-time
schedule adherence. The traffic information shall include latest available information on traffic and highway conditions, and current situation information in real-time including incidents, road
construction, recommended routes, current speeds on specific routes, current parking conditions in key areas, schedules for any current or soon to start events, and current weather situations.
This Equipment package shall also provide users with real-time travel related information while they are traveling, and disseminate to assist the travelers in making decisions about transfers and
modification of trips. These capabilities shall be provided using equipment such as a fixed facility with a communications system such as a data subcarrier multiplexing device.
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This equipment package consists of the following P-specs:
1.1.4.3- Provide Media Operator Traffic Data Interface
4.1.8- Provide Transit Viehicle Operations Data Interface
6.2.1.3- Collect Transit Data for Advisory Messages
6.2.4- Collect Yellow Pages Data
6.2.1.5- Provide ISP Operator Broadcast Parameters Interface
1.1.4.6- Provide Traffic Data Retrieval Interface
1.1.4.5- Provide Media System Traffic Data Interface
6.2.1.2- Provide Traffic and Transit Advisory Messages
1.3.4.3- Provide Media Operator Incident Data Interface
1.3.4.5- Provide Media System Incident Data Interface

6.2.1.4- Provide Traffic and Transit Broadcast Messages

2.4.5 Market Packages

Some of the 30 user services are too broad in scope to be convenient in planning actual deployments. Additionally, they often don Ftranslate easily into
existing institutional environments and don Edistinguish between major levels of functionality. In order to address these concerns (in the context of
providing a more meaning evaluation), a finer grained set of deployment-oriented ITS service building blocks were defined from the original user services.
These are called “harket packages” in the documentation.

Market packages are defined by sets of equipment packages required to work together (typically across different subsystems) to deliver a given
transportation service and the major architecture flows between them and other important external systems. In other words, they identify the pieces of the
National ITS Architecture required to implement a service. As such, they are directly grounded in the definition of the Architecture. Most market packages
are made up of equipment packages in two or more subsystems. Market packages are designed to address specific transportation problems and needs and
can be related back to the 30 user services (reference Table 2.3-2 in the Implementation Strategy document) and their more detailed requirements.

For example, the functionality of the broad user service named “traffic control” Was broken up into several market packages to allow for explicit
consideration of:

g hasic functions (such as surveillance, which is represented by the “fetwork surveillance”and “frobe surveillance” tarket packages),

g institutional settings (by separating control functions typically performed by different agencies into the “Surface street control” and “freeway
control” fharket packages), and

g functional levels of service (by including a “fegional traffic control” farket package that provides for coordination of control strategies across
jurisdictions).

In addition, a “rhulti-modal coordination” tarket package was defined that is comprised of functionality for transit and emergency vehicle priority

treatment at traffic signals.

Figure 2.4-8 provides an example of a market package related to traveler information systems and Figure 2.4-9 explains the basic elements of the market
package diagrams. The Interactive Traveler Information market package (shown in Figure 2.4-8) contains elements that are likely to be present in many
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existing and future traveler information systems. The arrows represent information flows between elements. The gray hoxes are transportation

subsystems; white boxes are equipment packages. As will be shown in Section 2.6, costs are associated with the equipment, software, and communications

within the equipment package and can be accumulated to determine the cost to deploy an entire market package.
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Figure 2.4-8. Interactive Traveler Information Market Package (ATIS2)
(Adapted From Appendix A of the Implementation Strategy)

Information +—" Subsystem contains equipment package(s) included in

Service Provider market package.

Basic Information
Broadcast N

———p»- EqQuipment package included in the market package.

Traffic 1= Subsystem that participates in market package operation through
Management data sharing.

Destination or source of information that participates in market
External package operation.
Source

- Information flows that support market package operation.
_

Figure 2.4-9. Market Package Elements
(Adapted From Appendix A of the Implementation Strategy)

The National IS Architecture development effort identified a total of 56 market packages that reflect the current definition of ITS and the evolving
technology market. Table 2.4-5 contains a complete listing of these, grouped according to their respective major application areas. As with equipment
packages, the specific set of market packages defined is merely illustrative and does not represent the only way to combine the functions and equipment in
order to provide ITS services. The market packages most closely related to traveler information systems are highlighted in the table.

A given market package may provide only part of the functionality of a user service (supporting multiple service levels), but often serves as a building
block by allowing more advanced packages to use its components. Market packages also allow early deployments to be separated form higher risk services
and can specifically address varied regional needs. Because they were evaluated during the development process, supporting benefits and costs analyses
were conducted for the market packages which can also be accessed as a resource.

Market packages are not intended to be tied to specific technologies, but of course depend on the current technology and product market in order to
actually be implemented. As transportation needs evolve, technology advances, and new devices are developed, market packages may change and new
market packages may be defined.

In short, market packages provide anather method for entering into the National ITS Architecture information and can be used as an alternative starting
point for defining project functional requirements and system specifications. The important point to remember is that they provide a set of manageable,
service-oriented views which allow the user to jump right into the physical architecture definition.

2.4.6 National ITS Architecture Documents
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In summary, the National ITS Architecture provides a common structure for the design of ITS; it defines the functions that must be performed by
components or subsystems, where these functions reside (e.g., roadside, traffic management center, or in-vehicle), the interfaces and information flows
hetween subsystems, and the communications requirements for the information flows (e.g., wireline or wireless) in order to address the underlying user
service requirements. Since the National ITS Architecture is also the foundation for much of the ongoing ITS standards work, consideration of the interface
and information exchange requirements established by the Architecture today will likely facilitate or ease the transition to incorporating standards-

compliant interfaces in the future (when approved standards are available).
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Table 2.4-5. ITS Market Packages

Traffic Management
Network Surveillance
Probe Surveillance
Surface Street Control
Freeway Control
HOV and Reversible Lane Management
Traffic Information Dissemination
Regional Traffic control
Incident Management System
Traffic Network Performance Evaluation
Dynamic Toll/Parking Fee Management
Emissions and Environmental Hazards Sensing
Virtual TMC and Smart Probe Data
Standard Railroad Grade Crossing
Advanced Railroad Grade Crossing
Railroad Operations Coordination

Transit Management
Transit Vehicle Tracking
Transit Fixed-Route Operations
Demand Respanse Transit Operations
Transit Passenger and Fare Management
Transit Security
Transit Maintenance
Multi-modal Coordination

Traveler Information
Broadcast Traveler Information
Interactive Traveler Information

Autonomous Route Guidance
Dynamic Route Guidance
ISP-Based Route Guidance
Integrated Transportation Mgmt/
Route Guidance
Yellow Pages and Reservation
Dynamic Ridesharing
In-Vehicle Signing

Advanced Vehicles
Vehicle Safety Monitoring
Driver Safety Monitoring
Longitudinal Safety Warning
Lateral Safety Warning
Intersection Safety Warning
Pre-Crash Restraint Deployment
Driver Visibility Improvement
Advanced Vehicle Longitudinal Control
Advanced Vehicle Lateral Control
Intersection Collision Avoidance
Automated Highway System

Commercial Vehicles

Fleet Administration

Freight Administration
Electronic Clearance

Commercial Vehicle Administrative Processes
International Border Electronic Clearance
Weigh-In-Motion

Roadside CVO Safety
On-hoard CVO Safety

CVO Fleet Maintenance

HAZMAT Management

Emergency Management
Emergency Response
Emergency Routing
MAYDAY Support

ITS Planning
[TS Planning
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The following are brief descriptions of the documents produced under the National ITS Architecture Development Program that are referred to in
subsequent sections. Paper copies of these can be obtained and used as reference documents. Another way to access them is via CD-ROM or on the
Internet (see Section 5.1 of this document for information on how to obtain the paper copies, the CD-ROM, and the Internet addresses). The CD-ROM and
the Internet sites will be more useful than hard copies when trying to access information rapidly. On the Internet, logical links (called “typerlinks?y
between different parts of the architecture facilitate use of information for the type of exercises described later in this section. The CD-ROM also contains
the underlying relational databases which define the Architecture (developed with Microsoft Access™), which can be useful for performing tailored searches
or other advanced analyses. It is important to remember that the key concepts and elements of the National ITS Architecture as presented in Sections
2.4.1-2.4.5 are interrelated and traceable in a variety of ways (forwards and backwards).

Although the documentation at first can appear to be extensive, even overwhelming, keep in mind that only a portion of the information will apply to the
specific needs of an agency at any point in time. Using the electronic tools with search capabilities and the linked HTML version of the National ITS
Architecture, finding the relevant information becomes even more manageable.

U.S. DOT plans to update and maintain the National ITS Architecture over time to reflect changing needs and correct any deficiencies that may be found
through the experience of users. Accordingly, critical portions of these documents, particularly those containing the Architecture definition, will be updated
over time (e.g., an update is currently planned for 1998). Therefore, while this document provides specific information and examples from the National ITS
Architecture (January 1997 version) for illustration purposes, the reader should always consult and defer to the latest version of the National ITS
Architecture. See Section 5 for more information on how to access the National ITS Architecture.

Itis important to keep in mind that several of the documents that were produced were done so for the purposes of evaluation; these documents can be
used as additional resources (e.9., the Cost Analysis) but are peripheral to the fundamental definition. A first time interested reader should find the
Executive Summary, Vision, and Implementation Strategy to be the most accessible starting points for looking into the documentation. A complete listing of
the documents can be found in Appendix D.

Vision
The vision is the starting point for developing an architecture and is the component that drives everything else. The vision statement provides a description

of the likely transportation system in the next 5, 10, and 20 years based on the National ITS Architecture. In the vision, the ITS User Services that the
transportation system is to provide are identified in groups.
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Mission

The Mission addresses the goals and objectives of a national intelligent transportation system. In the Mission, user service requirements are defined, and
henefits that the system is expected to provide are identified. The mission definition ties the National ITS Architecture to the National ITS Program Plan
developed jointly by US DOT and ITS America.

Logical Architecture
The Logical Architecture document contains three volumes: Description (Volume 1), Process Specifications (Volume 2), and Data Dictionary (Volume 3).

These documents present a functional view of the ITS user services, contain diagrams that show processes and data flows among them, and define data
elements, respectively.

Physical Architecture
The Physical Architecture document contains architecture flow diagrams that show data passing among physical subsystems, and presents characteristics

and constraints on the data flows.

Traceability

The Traceability document shows how the National ITS Architecture satisfies the user service requirements. It contains tables that provide traceability of
ITS user service requirements to National ITS Architecture elements, and traceability between logical architecture elements and physical architecture
elements.

Theory Of Operations
This document provides a detailed narrative of how the architecture supports the ITS user services, described in the Mission Definition. It is a technical
document, intended for engineers, operators, and others involved in detailed systems design.

Communications

The Communications document presents an analysis of the communications aspects of the National ITS Architecture. It presents a technology assessment
that covers several potential communications technology alternatives. The alternatives are compared against ITS requirements. This document proposes
(uantitative data loading requirements for a hypothetical system design, and contains an extensive set of appendices that deal with a specific
communications study.

Cost Analysis
The Cost Analysis provides typical unit costs for market packages and equipment packages. Methodologies are delineated.

Performance and Benefits Study
The Performance and Benefits Study documents the results of evaluations of several hypothetical ITS deployment scenarios. It also presents a discussion of
the overall benefits of developing the National ITS Architecture.

Standards Requirements
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The Standards Requirements document contains detailed information on requirements for 12 high-priority standards packages. Standards interface
packages that apply to traveler information systems include:

g Digital map data exchange and location referencing
g Information Service Provider to Other Centers
Information Service Provider Wireless Interfaces
Traffic Management Subsystems to Other Centers

Traffic Management Subsystems to Roadside Devices

Q@ Q@ Q@ @

Dedicated Short Range Communications (DSRC)

Implementation Strateqy
The Implementation Strategy document presents a process for implementing ITS services in a phased approach. The process is part of an overall strategy
that includes recommendations for future research and development, operational tests, standards activities, and training.

The Implementation Strategy translates the National ITS Architecture to implementation through market packages. It identifies the market packages that
provide certain ITS services and recommends a phased deployment of those market packages to provide the most needed and most feasible user services
initially, and less needed/feasible user services at a later date. The Implementation Strategy consicers several items and issues regarding deployment,
such as legacy systems, politics, funding, market package synergy, technology requirements, and standards requirements.

2.5 Using the National ITS Architecture to Develop Traveler
Information Projects

This section describes the specific ways that the National ITS Architecture can be used in each of the general steps of the project development process
presented in Section 2.3, making use of the key concepts described in Section 2.4. This process addresses (L) needs or problem identification, (2) solution
identification, (3) solution planning and design, and (4) funding, procurement, and implementation. Before discussing the specific ways it can be applied
to the project development process, some additional context and general quidance is provided below.

National ITS Architecture Application Guidance

The National ITS Architecture tools are intended to augment and support existing ITS project development processes, and should be applied with
engineering judgment in that context. The National Architecture is not a process in and of itself. It contributes information and analysis to existing
processes (e.g., Systems engineering). By providing a source for critical information early in the development process, the National TS Architecture can
lower project risks and costs while also improving the potential that the resulting deployment will have long term utility and support regional ITS
integration over time.

The National ITS Architecture tools are most applicable in the early stages of project development. They fully support the rapid definition of a starting
point for project definition, with local requirements then driving the tailoring of that project for specific applications. Of course, the tools do not contain all
the information necessary to fully design and implement ITS projects. While helpful information is sometimes available within the documentation (for
example, in the evaluation documents), specification of issues such as performance requirements, design options, technology choices, existing system
interfaces and constraints, detailed implementation and operational decisions, and which standards to use needs to be carried out at the local level.
Awareness of how far into the project development process the National ITS Architecture tools apply is important to being able to make the best use of
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them.

The National ITS Architecture can be used to provide project developers with additional aptions to consider for information exchanges and functionality that
may not have initially been conceived at the outset of the project. As such, its utility is likely to be greater for larger projects with a variety of possible
interfaces. Using the National ITS Architecture should not be viewed as an all-or-nathing requirement; rather, the material can be used as is, tailored, or
dropped, as appropriate for the situation. This will be discussed further in this section.

There are several ways to apply the National ITS Architecture; the most accessible of these methods will be presented in this section. See Section 5 for more
information on how to gain access to the various formats of the National ITS Architecture (including web sites).

Entry Points into the National ITS Architecture

The definition of the National ITS Architecture can be found in the logical and physical architectures. These architecture definitions exist in several
formats, including paper documents, Microsoft Access ™ relational databases, and a HyperText Mark-up Language (HTML) model, which provides access
through a linked model. The databases and the linked HTML model are available on CD-ROM and the World Wide Web. The logical and physical
architecture definitions represent a breadth and depth of information that can seem overwhelming to access and apply. However, there are tools to view
the architecture definition that make the extraction of information more efficient. These maps and tables provide access or “éntry points 1o the details of
the architecture in an organized fashion. Figure 2.5-1 shows the top-level of information shown for the linked HTML model, which provides easy access to
most of these entry points. Some of the key entry points and their relevance to project development are discussed below.
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ITS Architecture Browsing Site

January 1997 Edition

This presentation of the National Intelligent Transportation Systems (ITS) Architecture Definition
provides a hypertext view of thelogical architecture, physical architecture, and
implementation-oriented components of the architecture definition. This hypertext view provides
access to al process specifications, data flows, subsystems, equipment packages, and terminators
that make up the architecture definition. Y our entry to the architecture may be through anumber of
different paths.

The National ITS Architecture was developed to support intelligent transportation systems extending
to the year 2012. The architecture Vision provides a general forecast of the ways in which
transportation improvements will be made over the next 20 years.

The architecture framework that supports this vision is made up of many physical entities
(Subsystems and Terminators). By selecting a physical entity (either a subsystem or aterminator),
you can browse through the process specifications that define each subsystem’ sfunctionality or the
dataflows that connect the subsystems.

Near term plans and planned deployments include the Intelligent Transportation Infrastructure and
CVISN. The architecture structure for these near term deploymentsis provided in Tl and CVISN .

Another entry which is suitable for locally searching for data flows with particular text is acomplete
fileof Logical Architecture Data Flows (Note - thisfileis very big (200k bytes)) or Physical
Architecture Data Flows.

Y et another entry through the logical architecture is through the Pspec ( Process specification ) names.

Finally, aset of standards requirements packages has been created which bundle the dataflows into
sets of interest to standards organizations. The launch point for these packagesis : Standards
Requirements packages (Cross references are provided for flows which reside in more than one

package).

The entire set of architecture documents are availableonthe 1TS AmericaWeb Site.

Figure 2.5—-1. National ITS Architecture Hypertext View

Note to the reader: As the National ITS Architecture is updated and maintained over time, changes may be made to facilitate access to key information
and allow greater flexibility for the user. Thus, some of the specifics shown in Figure 2.5-1 and the mechanics discussed in subsequent text boxes for
accessing the entry points may become dated. For example, in future releases, it is likely that market packages will be given greater visibility at the top
page level of the HTML model.

g User Services are what drove the definition of the National ITS Architecture. They represent high-level descriptions of the services to be
provided by ITS, from the perspective of the user. The National ITS Program Plan provides detailed descriptions of the user services. User
services can be related to general needs and higher-level goals and objectives. Traceability exists to map user services to the underlying
architecture definition.
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g User Service Requirements, as previously described in Section 2.4.1, are the “shall” Statements that define the user services in detail and serve
as the fundamental requirements of the National ITS Architecture. By selecting those user service requirements that apply to the definition of
a specific system, traces can be made to the physical and logical architectures. The user service requirements are listed in Appendix A of the

Traceability document on paper or CD-ROM.

g Logical Architecture describes “hat” the National ITS Architecture must do to satisfy the User Services by defining required functions and
dataflows. These functions and dataflows define the lower level details of the architecture. This tool is useful when defining the functions
required to satisfy a service, requirement, or need. It leverages the extensive analysis already performed in the development of the National
ITS Architecture. It provides process specifications that can be tailored to fit local requirements. The logical architecture is available on paper,

CDROM, and the hyperlinked HTML model.

In the HTML model, click on “ffypertext view” Trom the top page, then “Process Specifications” {see Figure 2.5-1) in order to see a list of the p-specs,
which are organized numerically according to their definition in the data flow diagram hierarchy. Or, you can click on “Logical Architecture Data Flows””
in order to see the alphabetized list of logical data flows and get more information on them.

g Physical Architecture Elements are the subsystems and architecture flows that result from a partitioning of the logical architecture. These
subsystems and architecture flows define a higher level of the architecture and can be aligned with high-level system functions such as “traffic
management” dr “ihformation service provider.””In this manner, a mapping at the physical architecture subsystem level can be developed
that provides the links to the underlying logical architecture. The physical architecture is available on paper, COROM, and the linked HTML

model.

In the HTML model, click on “fypertext view” from the top page, then “Subsystems and Terminators” {see Figure 2.5-1) in order to see a list of the
subsystems, which are given alphabetically. Clicking on one of the subsystems gives lots of information about the subsystem, including a description, list
of equipment packages it contains, corresponding process specifications, and an architecture flow diagram. Some of these can be further explored via
additional links. You can also click on Physical Architecture Data Flows, as shown on Figure 2.5-1.

g Market Packages, as previously described in Section 2.4.5, represent slices of the National ITS Architecture that address specific services such as
surface street control. These physical architecture subsets can be selected and aggregated to form a high-level architecture at the subsystem
level. The market packages can be traced further to equipment packages and logical architecture functions. The market package definitions
are available in the Implementation Strategy on paper and the CD-ROM, and also in the hyperlinked HTML model.
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In the HTML model, click on “fypertext view” from the top page, then “ITl and CVISN” {see Figure 2.5-1) in order to see a list of the market packages,
which are organized into early, additional, and advanced categories. Clicking on one of the market packages produces a wealth of information on
relevant subsystems, equipment packages, architecture flows, related market packages, and evaluation information.

g ITS Infrastructure Elements are described in US DOT $Operation Timesaver initiative and define metropolitan, rural, and commercial vehicle
infrastructure elements that form the foundation of ITS. These elements represent high-level service categories (e.g., traffic signal control
systems, freeway management systems, transit management systems, multi-modal traveler information systems) that are mapped into the
architecture. This mapping provides the supporting architecture for the ITS Infrastructure in terms of the logical and physical architecture.

Using the linked HTML model, a physical architecture flow diagram will be presented when one of the ITS Infrastructure elements is clicked on (click on
“Hypertext view” Trom the top page, then “ITl and CVISN”h order to see the ITS Infrastructure elements).

By using the CD-ROM with appropriate viewing software that can read “pdf”files (such as the Adobe Acrobat ” Reader), searches can be carried out on
words of interest that might apply to a specific project or functional area. In addition, textual information can be copied (using the “Select text” feature
of the software) and pasted into a word processing application for further modification. Graphics information can also be downloaded (using “Select
graphics™); although it may not be as easy to modify these electronic tables or figures. Text and graphics information can always be printed and the
information manually entered as inputs to other software programs.

2.5.1 Identification of Needs or Problems

As discussed in Section 2.3.1, most transportation needs and problems are identified through the planning process as part of the ongoing process of
improving transportation systems at the local level. As such, the National ITS Architecture is unlikely to contribute much information to this initial step.
However, it can assist agencies in identifying ITS goals and objectives that are specific to their needs. Both current and future needs should be identified.
Goals and objectives identified in the National ITS Architecture (Mission Definition) that pertain to traveler information systems include:

g Increase operational efficiency and capacity of the transportation system
Increase operational efficiency

Increase speeds and reduce stops

Reduce delays at intermodal transfer points

Reduce operating costs of the infrastructure

Increase private vehicle occupancy and transit usage

Reduce private vehicle and transit operating costs

Reduce freight operating costs and increase freight throughput

RS A R R i A
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g Enhance personal mobility and the convenience and comfort of the transportation system
$  Increase personal travel opportunities
$  Decrease personal costs of travel including:
B Discomfort, stress, fatigue, and confusion
B Safety and personal security
Increase sense of control over one Sown life from predictable system operation
Decrease cost of freight movement to shippers, including:
B More reliable “jtist-in-time” Uelivery
B Reduce travel time and cost
B Reduce driver fatigue and stress
B Safety (e.g., from tracking hazardous material)
g Improve the safety of the nation $transportation system
$  Reduce number and severity (cost) of accidents and vehicle thefts
$  Reduce fatalities
g Reduce energy consumption and environmental costs
$  Reduce vehicle emissions and fuel consumption due to congestion
$  Reduce noise pollution
$  Reduce neighborhood traffic intrusiveness
g Enhance present and future economic productivity of individuals, organizations, and the economy as a whole
$  Increase sharing of incident/congestion information

@ &+

The National ITS Architecture documentation includes a Vision Statement, which describes ITS capabilities now and into the future in magazine article
style. The Vision can also serve to foster general iceas about the types of local needs and problems that ITS can be used to address.

The National ITS Architecture also includes data collection subsystems, such as the planning subsystem, to highlight the value of using ITS to collect long-
term performance data on the transportation system. Collecting and using this type of information can enhance and augment the process of identifying
needs and problems in the future.

‘Useful National ITS Architecture Documents: Mission Definition, Vision Statement

2.5.2 ldentification of Solutions

There are at least two major ways that the National ITS Architecture can be applied to the identification of alternative solutions to the given needs and
problems, leading to the ultimate selection of a preferred solution. During this step, traditional solutions to the problem or combinations of traditional
and ITS strategies may also be explored.

2.5.2.1 User Services

As discussed in Section 2.4.1, user services and associated user service requirements were fundamental to the National ITS Architecture development
effort. These user services were designed to address surface transportation needs. Agencies may wish to review the list of user services in their search for
potential solutions to the given needs and problems. A list of user services and those most relevant to traveler information systems was provided in Table
24-1,

The following is a summary of the top-level user service requirements most pertinent to traveler information functions:
The en-route driver information user service is designed to;

g Provide driver advisory information
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9
9
9

Provide an in-vehicle signing capability
Provide user interface

Provide short and long term capabilities

The route guidance user service is designed to:

g

Q @ Q@ @

g

Provide travelers with directions to selected destinations

Issue information such as mapping information and transit schedules in static mode
Provide a real-time mode for issuing information reflecting current conditions
Support two-way communications between the traveler and the infrastructure
Provide a flexible user interface

Support mobile systems

The traveler services information user service is designed to:

g

Provide a “yfellow pages” type of capability
Provide an information receipt function

Provide access to information from a variety of sources (e.g., local area information on lodging, food, gas, parking, hours of operation, tourist
activities, special events, hospital information)

Provide a variety of access methods

The pre-trip travel information user service is designed to:

9
9

Assist travelers in making mode choices, travel time estimates, and route decisions prior to trip departure
Provide travelers with information on available travel services

Provide the capability for users to access information on the current conditions of transportation systems
Provide a trip planning service

Provide the capability for user access

The ride matching and reservation information user service is designed to;

9
9
9
9

Provide travelers with information on rideshare providers
Provide a rider request capability
Provide a transportation provider service function for hilling and reporting needs

Provide an information processing capability for ride matching and clearinghouse needs

The en-route transit information user service is designed to:

g

Provide travelers with real-time transit and high-occupancy vehicle information allowing travel alternatives to be chosen once the traveler is
en-route
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Provide an information distribution function

Provide information to fixed and mobile user interfaces

Q Q@ @

Provide an information receipt function for acquiring relevant data
g Provide information processing to collect and integrate real-time transit operations data

Under this approach for this step, agencies should select those user services and user service requirements that are most relevant toward meeting the
current and future needs previously identified. Those user services and user service requirements that remain in the preferred solution can be carried
further into the next step of project development.

2.5.2.2 Market Packages

Reviewing and selecting market packages is another convenient approach that can be taken for performing this step. As discussed in Section 2.4.5,
market packages were defined in the National ITS Architecture development effort to serve as deployment-oriented ITS service “Building blocks™.” In
general, the market packages offer a finer grained set of options than do user services, offering more alternatives to choose from in this step of the
process. In addition, evaluation information (such as costs and benefits related material) is more readily available for the market packages than for user
services, which can provide added support to project planning. As shown in Table 2.4-5, the market packages identified in the National ITS Architecture
that support traveler information functions include;

g Network Surveillance —This market package provides the fixed roadsice surveillance elements that use a communications system to transmit
surveillance data. It can be completely local, such as loop detection connected with signal control, or it can be CCTVs sending back images to
traffic management centers. Surveillance enables traffic managers to monitor road conditions, identify and verify incidents, analyze and
reduce the collected data, and make that data available to travelers and private information providers. Network surveillance is an important
market package that directly or indirectly supports many ITS services.
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Probe Surveillance —This is an alternative surveillance approach in which the travel times of individual vehicles are tracked. Two general
communications paths are possible: (1) wide-area wireless communications between the vehicle and a traveler information service provider can
be used to transmit current vehicle location and status, and (2) a dedicated short range communications link between the vehicle and roadside
can be used to provide equivalent information back to a traffic management system.

Traffic Information Dissemination —This market package allows traffic information to be disseminated using roadway equipment, such as
changeable message signs, or highway advisory radio. The emphasis is on provision of basic traffic information or other advisories by means
that require minimal or no in-vehicle equipment to receive the information. This package provides a tool that can be used to notify drivers of
incidents. Careful placement of the roadway equipment provides the information at points in the network where the drivers have recourse and
can tailor their routes to account for the new information.

Traffic Network Performance Evaluation —This market package includes advanced algorithms, processing, and mass storage capabilities that
support historical evaluation, real-time assessment, and forecasts of traffic network performance. This includes the prediction of travel
demand patterns to support better link travel time estimation for route planning purposes.

Broadcast Traveler Information —This market package provides the user with a basic set of traveler information services. It involves the
collection of traffic conditions, advisories, general public transportation and parking information, and the near real-time dissemination of this
information over a wide area through existing infrastructures and low-cost user equipment (e.q., FM sub-carrier, cellular data broadcast).

Interactive Traveler Information —This market package provides tailored information in response to a traveler request. The user can request
and obtain current information regarding traffic conditions, transit services, traveler services, ride share/ride match, parking management,
and pricing information.

Autonomous Route Guidance —This market package relies on in-vehicle sensory, location determination, computational, map database, and
interactive driver interface equipment to enable route planning and detailed route guidance based on static, stored information. No
communication with the infrastructure is assumed or required. Identical capabilities are available to the traveler outside the vehicle by
integrating a similar suite of equipment into portable devices.

Dynamic Route Guidance —This offers the user advanced route planning and guidance that is responsive to current conditions. The package
combines the autonomous route guidance user equipment with a digital receiver capable of receiving real-time traffic, transit, and road
condition information that is considered in providing route guidance.
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Information Service Provider (ISP) Based Route Guidance —This market package moves the route planning function from the user device to the
information service provider. This approach simplifies the user equipment requirements and can provide the traffic manager with better
information on which to predict future traffic and appropriate control strategies.

Integrated Transportation Management/Route Guidance —This market package allows a traffic management center to continuously optimize
the traffic control strategy based on near-real time information on intended routes for a proportion of the vehicles within their network. It
represents an extension to the ISP-Based Route Guidance market package which improves the level of coordination between ISP and Traffic
Management Subsystem so that the planned routes can be factored in to near-future traffic management strategies.

Yellow Pages and Reservation —This market 